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^ ' Abstract 

The Modified Leading Log Approximation of QCD and the local parton hadron duality 
picture are shown to give a fully satisfactory description of data on charged particle 
*^ energy spectra in e + e~ annihilation. The analysis of data in terms of moments points 

out the running of a s both at very low cms energy (0(3 GeV)) and at very low particle 
energy (0(200-500 MeV)). The study of the universal soft limit of energy spectra at low 
particle energy is proposed as a test of QCD coherence. The extension of this approach 
at identified particles' spectra is discussed. 
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The Modified Leading Log Approximation (MLLA) of QCD0) plus the Local Parton Hadron 
Duality (LPHD)i as hadronization prescription give a quite successful description of production 
process of soft and semihard particles (for a recent discussion see e.g.&). Predictions on the 
single particle inclusive momentum spectrum, the well-known "hump-backed plateau", is one 
of the best successes of this approach. However, the study of the spectrum alone does not allow 
to see to what extent experimental data reveals peculiar features of the theory, like for instance 
coherence and the running of the coupling. In this short note, new alternative analyses more 
sensitive than the spectrum itself to the different aspects of the theory are discussed. Due to 
the limited amount of space, I just give the flavour of our studies and I refer to the original 
literature&~& for more detailed presentations. 

MLLA predictions^ for the moments of single particle inclusive energy spectrum have been 
compared inB 1 with moments extracted from experimental spectra. Good agreement between 
experimental data and theoretical predictions of MLLA with running coupling has been found in 
a wide cms energy range from 3 up to LEP energy. The model with fixed coupling can reproduce 
the multiplicity and the slope of the first moment only. The two models are particularly different 
at low cms energies, where the effect of the running coupling is large. Notice that the model with 
fixed coupling cannot describe the data even if one relaxes the normalization at thresholds® 
The sensitivity of moments to the running of the QCD coupling has then been established; 
the validity of the description at low cms energy is particularly interesting. In this respect, it 
is important to point out that further tests of this picture could be performed at HERA (in 
the Breit frame), where many data points at different Q 2 could be obtained within the same 
experiments. Going to larger cms energies, the extrapolation of theoretical predictions have 
been shown to be successful at LEP-1.5 cms energies;^ the same analysis could be repeated at 
the forthcoming LEP- 2. 

Let us now look at the invariant cross section Edn/d 3 p at particle energy E of few hundreds 
MeV. QCD coherence predicts that very soft particles do not multiply;^ since they have a 
long wavelength, they should see the total initial charge only. Particle production should then 
be independent of cms energy for low energy particles.!^ In addition, Edn/d 3 p should go 
to a finite limit for E — > m^, both the scaling with cms energy and the existence of a soft 
limit can be derived analytically in Double Log Approximation.^ As shown in Figure la, 
both effects are seen in experimental data for charged particle spectra in a wide range of cms 
energies; the approximate scaling with cm. energy coincides with the scaling observed by the 
OPAL Collaboration!) in the variable \np at small momenta. Let us also notice that MLLA 
predictions (here not shown, see not only show a similar behavior, but can reproduce also 
quantitatively the experimental data down to very low particle energies. On the other hand, 
by switching off the running of the QCD coupling, MLLA predictions show a flatter slope far 
away from experimental behavior. Thus, the running of the QCD coupling is visible in the 
particle spectra even in the energy range of a few hundred MeV. In addition, the approximate 
scaling law and the existence of a finite soft limit strongly support QCD coherence. As shown in 
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Figure 1: a): Invariant distribution Edn/d 3 p for charged particle as a function of the particle 
energy E with Q = 270 MeV. Data extracted from 10 > n ). b): same as in a) but for charged 
pions with Q = data from 12 ' n ). 



Figure lb, the approximate scaling and the finite limit are seen also in inclusive pion spectra at 
different cms energies; more detailed studies on tt, K and p inclusive spectra are in progress.!* 
In conclusion, good agreement of experimental data on moments of inclusive energy spectra 
in e + e~ collisions with predictions of MLLA with running a s plus LPHD (2 free parameters) 
for y/s ranging from about 3 GeV to LEP-1.5 energy has been found. MLLA with fixed a s 
is unable to reproduce moments both with and without absolute normalization at threshold. 
Data on the invariant cross section E dn/d 3 p give evidence for the existence of a finite soft limit 
and approximate scaling at different cms energies at particle energy of few hundreds MeV, as 
suggested by QCD coherence. MLLA with running a s reproduces this effect. Direct evidence 
for running a s effects in hadronic spectra, test of coherence effects and further evidence for 
LPHD down to low cms energies and to low particle energies have been achieved. 
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